Though hypocalcemia in pregnancy is not often reported in the literature, it occurs in cases of hypoparathyroidism and in mothers with severe dietary inadequacy. Hypocalcemia during pregnancy can pose numerous problems to the mother and fetus. It is associated with hypertensive disorders and can increase the risk of numerous problems such as preeclampsia and fetal growth disorders. In this review, we summarize the challenges physicians face diagnosing and managing hypocalcemia during pregnancy. A multidisciplinary team including endocrinologists and obstetricians is warranted to ensure appropriate treatment and optimal outcomes.
C alcium levels affect many extracellular and intracellular processes. These include neura l transmission, membrane stability, bone structure, blood coagulation, muscle movement, and intracellular signaling. It is also an important cofactor for hormonal secretion in endocrine organs. 1 For optimal and normal functioning of these processes, the total serum calcium concentrations need to be normally maintained within the very narrow range of 8.5 and 10.5 mg/dL (2.12 to 2.62 mmol/L). 2, 3 Hypocalcemia, a common metabolic derangement observed in hospitalized patients (both medical and surgical), is caused by loss of calcium from circulation or insufficient entry of calcium into the circulation.
Calcium is the substrate for bone mineralization. Skeletal mass cannot be built or maintained if calcium intake is insufficient or calcium losses are excessive. In humans, more than 99% of calcium is stored as hydroxyapatite in bones and the rest (5-6 g) is in the intracellular and extracellular compartments, with only 1.3 g located extracellularly. Half of plasma calcium is in a free or ionized state, and only this ionized calcium is metabolically active and affects the body's functions. Of the remaining plasma calcium, 40% is transported partly bound to plasma proteins (90% of this is bound to albumin), and the rest is bound to small anions such as phosphate, carbonate, citrate, lactate, and sulfate. 3, 4 Calcium regulation Around 10-20 mEq/day of calcium is utilized by the body. In operational terms, calcium balance is determined by the relationship between calcium intake, calcium absorption, and excretion. Daily, the calcium removed from bones is replenished by an equal amount (500 mg). The amount of calcium absorbed by the intestines is equated by urinary calcium excretion. Despite calcium fluctuations, in a healthy person, the levels of ionized calcium are tightly regulated by the two main calcium regulating hormones (parathyroid hormone (PTH) and calcitonin) and the prohormone, vitamin D, and three organs (bone, kidney, and small intestine) through complex feedback loops. 5 Table  1 summarizes the actions of each hormone and the role of the organs in calcium regulation. Insufficient levels of vitamin D or PTH or resistance to these hormones causes chronic hypocalcemia. Serum pH, protein, and anion levels also play a role in serum calcium levels.
According to the National Institute of Health, the recommended daily calcium dietary allowance in normal females aged 19-50 years during pregnancy and lactation is 1000 mg, and 1300 mg in normal females aged 14-18 years old.
Calcium deficiency in women
Calcium deficiency has numerous implications in women from the fetal phase to the elderly post-menopausal age since the body has increased calcium needs during growth spurts, pregnancy, and lactation. Inadequate calcium intake can, therefore, cause several problems especially in growing children and adolescents; this can lead to stunted growth, and a reduced peak bone density increases the risk of osteoporosis later in life. 1 
Calcium deficiency during pregnancy and lactation
Total serum calcium normally falls throughout pregnancy, thus a healthy and balanced maternal diet is crucial since the diet needs to take care of the women's usual nutritional needs as well as the needs of the growing fetus, enabling the mother to maintain her stores of nutrients and those required for fetal health as well as for the future breastfeeding period. 8 Many physiologic changes occur during pregnancy resulting in an increase of red blood cells and plasma volume and a reduction of micronutrients and circulating nutrient-binding proteins. In most developing countries, poor nutrition combined with the usual physiologic pregnancy changes can lead to micronutrient deficiency states 9 like calcium deficiency, which can have detrimental effects on bone health since the bone stores most of the body's calcium and replaces extracellular fluid losses. Women are at risk when they already have hypocalcemia and have to undergo the strain on their bodies to meet the normal maternal needs with the additional needs of calcium during pregnancy and lactation.
Adaptation by the mother
The mother adapts in various ways to meet the additional calcium needs. Though similar, the increased demands during pregnancy and lactation may involve different alterations in intestinal calcium absorption and excretion, mobilization of calcium from the maternal skeleton, and/or rates of bone calcium turnover 10, 11 as shown in Figure 1 . The main adaptation through which women meet the calcium demands of pregnancy is by the doubling of their intestinal calcium absorption driven by calcitriol and other factors as early as 12 weeks gestation. 10 This early increased absorption of calcium may allow the maternal skeleton to store more calcium in advance of the peak fetal demand that occurs in the third trimester. The 24-hour urine calcium also increases by 12 weeks gestation and may exceed the normal range. 12 While in the fasting state, urine calcium can be normal or low; the increase in the 24-hour urine calcium indicates an increase in intestinal calcium absorption. Elevated calcitonin values in pregnancy may also induce renal calcium excretion.
Contrary to notions that the women may suffer severe deficiency due to pregnancy and lactation, a longitudinal study shows that despite increased urinary calcium losses; increased maternal intestinal calcium absorption appeared to provide the calcium required for fetal bone mineralization, without necessitating a substantial net loss in maternal bone mineral. 11, 13 In fact, animal studies in mice show 
PTH: parathyroid hormone; 1,25-(OH)2 vitamin D: 1,25-dihydroxy vitamin D.
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that the bone mineral content increases by 5-10% during pregnancy. 14, 15 This increase in bone mineral content probably protects the maternal skeleton from excessive demineralization and fragility during lactation. However, such detailed and comparative studies are not available in humans due to fear of radiation. Several studies are there but they lack comparative baseline values. Some data is available for women who terminated their pregnancy in the first trimester which indicates increased bone resorption, but there are no values taken for fullterm mothers. 16, 17 Despite these limitations, one may cautiously conclude that bone turnover begins to increase as early as 10 weeks gestation 12 and is mainly increased towards the end of gestation to prepare for transfer of calcium during the third trimester.
A systematic review concluded that despite the transfer of calcium from the maternal skeleton to the fetus, the eventual return of maternal bone mineral density (bMD) to pre-pregnancy values suggests that maternal bone loss may not be permanent.
18 between 3-7% of maternal bone density is temporarily lost during lactation, but it is recovered after weaning (depending on factors like lactation duration and postpartum amenorrhea) and differ by skeletal site. 19 Many studies show that there is a loss of bMD during pregnancy and there is still a loss of bMD nine months postpartum for mothers that are still breastfeeding. bMD returns to pre-pregnancy values for all sites at 19 months postpartum independent of breastfeeding duration/status. 20, 21 Even with frequent pregnancies, bone recovers completely for most women. Supplementary maternal calcium intake does not avert bone loss during lactation or boost skeletal recovery after weaning. 19 Pregnancy and lactation are not related to an increased risk of osteoporotic fractures, 19, 22 but bMD increases after both pregnancy and lactation, and may have a protective effect because of the structural rebuilding that occurs after weaning. [23] [24] [25] During early pregnancy, there is a considerable increase in calcium absorption. Gradually throughout pregnancy, the part of protein bound in serum declines while the concentrations of free ions seem to remain constant. Vitamin D, calcitonin, and PTH interact to steadily maintain the homeostatic ionic calcium control during pregnancy and lactation as shown in Figure 1 .
During early lactation, breast milk calcium was obtained from increased renal calcium conservation and increased bone calcium mobilization. After the resumption of menses, renal calcium conservation appeared to continue and spinal bone mineral was recovered.
11

Calcium transfer from mother to fetus
The full-term neonate has about 30 g of calcium which is drawn during pregnancy from the maternal calcium stores to meet its needs for fetal skeletal mineralization and to maintain normal physiological processes across gestation. 26, 27 This active transport increases from only several milligrams per day in the first trimester to > 250 mg/d during the last trimester 13, 27, 28 putting the condition of the mother's bones and teeth at risk. Markedly high level of total calcium concentration in cord blood compared to maternal serum 17 showed that 80% of the calcium found in the fetal skeleton at birth crossed the placenta during the third trimester and is mostly derived from dietary absorption of calcium during pregnancy.
The suckling neonate requires more calcium in breast milk during six months of exclusive lactation than its fetal requirement, and the baby continues to draw calcium from the mother through breast milk for the duration of lactation. Calcium losses through 
Prevalence of hypocalcemia in pregnant women
Though hypocalcemia in pregnancy is not often reported in the literature, it occurs in cases of hypoparathyroidism and in mothers with severe dietary inadequacy. 30, 31 Low calcium and magnesium levels have been associated with hypertensive pregnancy disorders according to MJ Keirse's unpublished observations in 2000, 9 but a causal effect has not been revealed.
A study in India found the prevalence of hypocalcemia in pregnant women was 66.4% (n = 362/545); all being asymptomatic. 32 The mean daily dietary calcium intake and corrected serum calcium level for the group were 325±198 mg and 8.1±1.5 mg/dL, respectively. The daily dietary calcium intake being less than the recommended dietary allowances was a most probable cause of the hypocalcemia. The prevalence of hypocalcemia in pregnant women was 70.55% in a study done in Algeria. 33 A recent study in Pakistan found the prevalence of hypocalcemia to be 60% in patients with preeclampsia. 34 
Calcium measurement
Laboratories report total serum calcium concentrations and the normal range is 8.5-10.5 mg/dL (2.12 to 2.62 mmol/L). A fall in total serum calcium can be due to a decrease in albumin secondary to liver disease, nephrotic syndrome, or malnutrition. Thus, one must check the ionized calcium (Ca) before concluding a 'true' case of hypocalcemia. 35 The following formula is used to estimate corrected calcium in clinical practice for albumin: corrected Ca (mmol/L) = Ca measured (mmol/L) + 0.020 or 0.025 (40 -albumin (g/L)). 36 In clinical situations, one is only concerned in the ionized calcium, this is measured directly or by estimation, but an ionized calcium test is harder to perform than a serum calcium test since it requires special handling of the blood sample, and it is only done in certain cases. The normal range of ionized calcium is 4.65-5.25 mg/dL (1.16-1.31 mmol/L). A decrease in total serum calcium may not be 'true' hypocalcemia, which is due to a decrease in ionized calcium. 35 For pregnant mothers, changes in the serum chemistries and calciotropic hormones can easily be mistaken as a disorder of calcium. 37 During pregnancy, hemodilution causes the serum albumin and hemoglobin to decrease while the albumin remains low until birth. This fall in albumin causes the total serum calcium to fall to levels normally associated with symptomatic hypocalcemia. During pregnancy, serum phosphate and magnesium levels remain normal while the ionized calcium remains constant during gestation and this shows that the fall in total calcium is due to pregnancy and can be ignored. Any doubt as to whether maternal hypocalcemia is present or not is cleared by computing the albumin-corrected total calcium level or measuring the ionized calcium.
Causes of hypocalcemia in pregnancy
The causes of hypocalcemia in pregnancy are summarized in Table 2 .
Symptoms/signs of hypocalcemia
The signs and symptoms of hypocalcemia are dependent on the severity, rapidity of development, the rate of decline of serum calcium, and duration of the hypocalcemia varying from an asymptomatic biochemical abnormality to a life-threatening disorder. Mild hypocalcemia is not uncommon, and most patients will have no symptoms while many have vague muscular aches and pains. Many do not realize they are deficient until noticeable problems occur. The symptoms and signs of hypocalcemia are summarized in Table 3 .
Trousseau's sign is positively noted by inflating a blood pressure cuff above systolic pressure for up to three minutes and looking for a carpopedal spasm. 38 Chvostek's sign is prompted by tapping the facial nerve below the zygoma (about 1-2 inches anterior to the ear). Ipsilateral contractions of the facial muscle (i.e., twitching first at the angle of the mouth) is a positive sign. Chvostek's sign can be elicited in up to 25% of individuals with normal levels of serum calcium, thus it is a sensitive but not specific sign of hypocalcemia. 38 
Complications of hypocalcemia
Links between hypocalcemia and high blood pressure have been reported in recent studies. [39] [40] [41] [42] [43] A study done on sheep showed that maternal hypocalcemia caused by maternal fasting in late gestation elevated blood pressure and exhibited reduced uterine blood flow in the sheep. 44 An inverse correlation between dietary calcium intake and the incidence of pregnancy-induced hypertension 45 are reported. Low calcium intake during pregnancy may stimulate PTH secretion, increasing intracellular calcium and smooth uterine muscle contractibility which is consistent with induction of preterm labor, 46 or abortion, 47 and/or renin release from the kidney, leading to vasoconstriction and retention of sodium and fluid. 48 These physiological changes can lead to the development of pregnancy-induced hypertension and preeclampsia. Study results have indicated low levels of serum calcium in women presenting with preeclampsia, 34 and concluded that calcium supplementation seems to reduce the risk of preeclampsia and the rare incidence of maternal mortality or morbidity. 49 A study found that pregnant women with the lowest levels of calcium (among those on normal diet and calcium supplements) also had the highest levels of lead in the blood. During pregnancy, hypocalcemia speeds up the production of new bone to replace old, dying bone. because nearly all the body's lead is stored away in bone, the lead 'leaks' into the bloodstream during bone turnover and can drive up levels of lead in the blood, which could be harmful to a developing baby. 50 Studies have suggested that very low maternal calcium intake may be a risk for low bone mass in neonates. 28 Another study states that maternal calcium metabolic stress, rather than low calcium intake or insufficient vitamin D, has an adverse influence on fetal growth. 51 A systematic review published in the Cochrane Library of calcium supplementation for the prevention of hypertensive disorders reported birth weights were higher in the intervention group compared to the control group in six out of nine studies, and in two of these trials, the difference was statistically significant. 52 Another meta-analysis of 10 trials (2234 women) found that supplementation with low doses of calcium markedly reduced the risk of preeclampsia (rr = 0.38; 95% CI: 0.28-0.52; I 2 = 0%). This meta-analysis evaluated low-dose supplementation with only calcium (four trials) or in association with vitamin D (three trials), linoleic acid (two trails), or antioxidants (one trial). There was also a reduction in hypertension, low birthweight, and neonatal intensive care unit admission. 53 A positive correlation between serum maternal ionized calcium levels and the crownheel length of the newborn implies maternal vitamin D deficiency could interfere with fetal growth through an effect on maternal calcium homeostasis. Neonatal hyperparathyroidism may develop secondary to maternal hypocalcemia, 54 causing fetal bone demineralization and growth Mean length at birth, birth weight, and oneminute Apgar score were higher in newborns whose mothers had adequate calcium and vitamin D intake than newborns whose mothers had inadequate intake. 55 A meta-analysis suggests that maternal vitamin D deficiency is associated with an increased risk of small for gestational age infants. 56 
Management
Patients with acute symptomatic hypocalcemia with preeclampsia, cardiac arrhythmias or tetany (calcium level < 1.9 mmol/L (7.0 mg/dL)), or ionized calcium level lower than 0.8 mmol/L should be treated promptly with intravenous calcium replacement with careful electrocardiography monitoring. If magnesium deficiency or alkalosis is present, it should be corrected first. 57 Most patients can be treated as outpatients with the recommended dose of oral elemental calcium (1-3 g/day) in pregnancy and lactation. Maintaining serum calcium in the low-normal range 8.0 mg/ dL (2.00-2.12 mmol/L), maintaining serum phosphorus within a normal range, and maintaining a calcium-phosphate product below 4.4 mmol 2 /L 2 (55 mg 2 /dL 2 ) without developing hypercalciuria, which leads to nephrocalcinosis or nephrolithiasis, and renal impairment. 4, 6, 7 Complications of low/ high maternal serum calcium in women with hypoparathyroidism Treatment of pregnant or nursing women with hypoparathyroidism is a challenge due to complications arising from both under-or overtreatment. Maternal hypocalcemia due to hypoparathyroidism has been linked with intrauterine fetal hyperparathyroidism and fetal death while overtreatment leads to maternal hypercalcemia, which can cause complications such as abortion, stillbirth, perinatal death, neonatal tetany, and suppression of the fetal and neonatal parathyroid glands.
Side effects associated with high doses of vitamin D
Supplementation doses of vitamin D should be titrated and gradually increased according to the results of the maternal serum calcium level, which should be frequently tested. Vitamin D dose may need to be tripled from pre-pregnancy needs. However, increasing maternal vitamin D dose increases the fetal calcium concentration and can lead to defects similar to those of idiopathic hypercalcemia of infancy 58 with features like elfin facies, strabismus, inguinal hernia, mental and growth retardation, craniosynostosis, enamel defects, supravalvular aortic and pulmonary stenosis, early development of secondary sexual characteristics in females, and cryptorchidism in males. 59 In experimental animals, high doses of vitamin D have been shown to be teratogenic, causing craniofacial abnormalities and supravalvular aortic stenosis syndrome. 58 
Complications related due to underreplacement with vitamin D
In contrast, insufficient maternal vitamin D supplementation predisposes to natal reactive hyperparathyroidism, 60 which may lead to intracranial bleeding 61 and neonatal rickets with intrauterine fractures. 62 
Dose adjustment of medications
After delivery, if there is no plan to nurse, the dose could be decreased to the pre-pregnancy level. For a nursing mother, the calcitriol dose should be decreased (to half of the pre-pregnancy dose) since endogenous calcitriol production is stimulated by prolactin and increased production of PTHrelated peptide. 63 In the patients with hypoparathyroidism, 1,25-dihydroxy ((OH)2) vitamin D replacement should be used only when clearly needed. These are available as vitamin D analogues (e.g., calcitriol, calcifediol, doxercalciferol, and paricalcitol) and come under pregnancy drug category C. Calcitriol and 1α-calcidiol are recommended due to their shorter half-lives, lower risk of toxicity, and clinical experience. 37 Although clinical experience with the use of calcitriol during pregnancy is limited, case reports show that management of maternal hypoparathyroidism with calcitriol and calcium during pregnancy is feasible, if serum calcium levels are kept in the lower normal range and calcitriol concentrations are adapted to the physiological needs during pregnancy. Side effects of premature closure of the frontal fontanelle, and stillbirth in 20th week due to complex fetal malformation are reported in two retrospective studies, but in both cases, the causative role of calcitriol administration remains highly questionable. However, to date no serious adverse events were noted in prospective studies. 63 The recommended daily calcitriol dose is up to 3 μg/day and up to 9 g/day for daily doses of calcium during pregnancy in patients with hypoparathyroidism. 64, 65 Also in lactation, these drugs are excreted through breast milk, hence these are used with caution and frequent monitoring to avoid complications. 66 recombinant PTH (teriparatide) is contraindicated in pregnant and lactating women with hypoparathyroidism due to risks of mild growth retardation and reduced motor activity in offspring at higher doses.
One case report illustrates the feasibility of treating hypoparathyroidism during pregnancy with a continuous subcutaneous infusion of recombinant PTH . 67 There are no adequate and wellcontrolled studies in pregnant women. Therefore, PTH (1-34) should not be given as a routine treatment before adequate and well-controlled data proving its safety have become available.
recombinant PTH is contraindicated in breastfeeding and is classed as a pregnancy category C drug. It is unknown whether it is excreted into human milk, but animal studies have shown that this drug has the potential for tumorigenicity. 68 Frequent monitoring of calcium levels every 3-4 weeks throughout pregnancy as well as within one week postpartum is important to ensure normal calcium levels in both mother and fetus. Furthermore, monitoring should continue during lactation every 4-6 weeks, as well as during the weaning period to ensure the stability of maternal calcium levels.
C O N C LU S I O N
Women are at risk when they already have hypocalcemia and must undergo a strain on their bodies to meet the normal needs with the additional needs of calcium during pregnancy and lactation. Many studies show that there is loss of bMD during pregnancy and there is still loss of bMD at nine months postpartum for breastfeeding mothers, which returns to pre-pregnancy values for all sites at 19 months postpartum independent of the breastfeeding duration. Though the mother adapts to this additional requirement, this need could be met by increased dietary calcium intake and calcium supplementation to ensure optimal bone and extraskeletal health in a woman throughout her life, especially during pregnancy and lactation. Special consideration is necessary for the treatment of women with hypoparathyroidism during pregnancy and nursing. In patients with hypoparathyroidism, 1,25-(OH)2 vitamin D replacement should be used only when needed. A multidisciplinary team including endocrinologists and obstetricians is warranted to ensure appropriate treatment and optimal outcomes.
